It appears that the reactions involving these nuclei proceed through only a few or several levels of the intermediate nuclei.
For each reaction, the cross section has been compared with estimates of the cross section for formation of the compound nucleus.
The results are in qualitative agreement with the theory of decay of the compound nucleus through competing channels .
I. INTRODUCTION
The inelastic scattering of protcms was first obse. Finally, if the reaction proceeds through the continuum region of the compound nucleus, the region of excitation where the level width ex-4 ceeds the level spacing, and many levels are involved, the theory takes a statistical average over them and assumes that the interference terms between outgoing waves of different parity cancel out; this again results in an angular distribution that is symmetric about (j = 90°.
The second theory, proposed by Austern, Butler, and McManus, can be applied to (n, p), (p, n), (n, n'), and (p, p') reactions in the 10-to-30 -Mev energy range. They consider the me~hanism to be a direct interaction between the incident proton (for inelastic proton sc~ttering) and a nucleon in the surface region of the target nucleus, the interaction taking place outside of the nuclear potential well. That is, if the concept of the nuclear shell model 6 is applied, the bound nucleon participating in the collision is considered to be in a state of definite orbital angular momentum, this state being described by a single -particle wave Fig. 1 .
The external 12-Mev protonbeam of the Crocker Laboratory 60-inch cyclotron was directed at a thin target located at the center of an evacuated scattering chamber. After pas sing through the target, the beam was collected in a Faraday cup located behind the chamber.
Protons scattered from the target were detected by a telescope of three proportlonal count-ers contained within a single vacuumtight unit.
A remotely controlled absorber changer, permitting insertion of variable amounts of aluminum absorber, was located between the telescope and an aperture defining the solid angle for scattering.
Protons of the particular energy under investigation were required to pass through an appropriate amount of absorber and to_ stop in the • . . 
E. Detector and Electronics
A schematic diagram of the detector arrangement is· shown in telescope and its characteristics has been given by Ellis. 15 The counter pulses were delay-line clipped to 1 microsecond and then fed into preamplifiers at the scattering chamber. After further amplification by linear amplifiers, the signals were passed through pulse -height discriminators and variable -delay circuits and formed into gates for use in the coincidence circuits. A simplified block diagram of this arrangement is shown in Fig. 3 . · Double coincidences between the first and second counters .and triple coincidences among the three counters were monitored with scalers. The difference between the doubles and triples gave the number of particles that had
. Faraday
Cup MU-9942 was run for each target so that the various particle groups could be noted and identified. Figure 5 shows the spectrum of protons scattered from the polystyrene target at a scattering angle of 50°. The elastic group from carbon was used in the experimental determination of the detector range bite for that run. The quantity measured at each range point R was (~~ . 6 .R), the product of the number of particles stopping in unit range interval and of the range bite. Thus, the area under the peak is equal to the product of . 6 .R and the total number of particles stopping .. in the range interval spanned by the peak, A = I <~~ . 6 .R) dR = N;. 6 .R. On magnesium, this procedure was followed at angles forward of 30°.
In each case, data were taken at the same scattering angle both before and after the change in target angle was made. In this manner, the relative angular distribution for the forward angles could be normalized to that for the angles surveyed before the target was moved.
At regular intervals during the taking of data, especially when the counting rates were the highest, counts were taken with the gate pulse of counter No. 2 delayed several microseconds. The accidental coincidences obtained were always negligible.
III. REDUCTION OF DATA A. Differential Cross Section
The differential cross section is given by the expression 
B. Errors
The expression for the differential cross section has the form of the product of several termf:!, y =TTx. 6 . Examples of the proton groups whose angular distributions were obtained. .ZS:R
. ,o as a typical result.
-23-·With the exception of lithium, the target thi.ckness: .T: was determined from measurements of the area and the weight of a target section through which the beam had passed. The indirect method of measuring the lithium target thickness has been described previously.
OT
The results of estimated errors in the measurements were T = 5%
for lithium, 0.5o/o for carbon, 2.0% for magnesium, ·and 2.5% for silicon.
In making the transformation of the differential cross section from the laboratory system to the center-of-mass system, one multiplies by f (8) Tables I through IV Total cross section, a. = 164.8 ± 4.4 mb . The threshold for the (p, n) reaction is 18.5 • . . It is suggested that the reactions involving these nuclei proceed by way of only a few levels of the intermediate nucleus.
IV. RESULTS AND CONCLUSIONS

A. General Considerations
It is reasonable that the direct-interaction type of theory could be applied more successfully to the inelastic scattering of deuterons and alpha particles. Competition from formation and subsequent decay of an intermediate nucleus would be slight,· because once a deuteron or alpha particle had been captured by the target nucleus there would be little probability of its reemission. The experimental results of inelastic alpha-particle scattering from carbon and magnesium, 17
inelastic deuteron scattering from carbon, 23 and inelas~ic alphaparticle and deuteron scattering from beryllium 24 confirm this belief.
.
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